Background: Some studies have provided evidence for a possible association between vitamin D and testosterone levels; however, the evidence from studies in Koreans is inconsistent. In addition, insufficient evidence is available to support an association between seasonal variations in vitamin D and testosterone levels in Koreans. Therefore, we aimed to investigate the association between vitamin D and testosterone levels, and between seasonal variations in these levels in Korean men. Methods: This cross-sectional study included 1,559 men, aged 25-86 years, who underwent a medical examination. We measured serum 25-hydroxyvitamin D (25[OH]D) and total testosterone levels, and compared other laboratory test results and patient lifestyle characteristics. On the basis of sample collection time, we categorized patients into four seasons, and analyzed seasonal variability in 25(OH)D and total testosterone levels. Results: The average participant age (±standard deviation) was 53.3±8.8 years, and the average serum 25(OH)D and total testosterone levels were 15.9±7.0 ng/mL and 5.1±1.6 ng/mL, respectively. In the analysis of variance (ANOVA) model, no significant association was found between 25(OH)D and testosterone levels (P=0.51). ANOVA of the average 25(OH)D levels in season-based groups revealed significant seasonal variations in 25(OH)D levels (P-value for trend <0.001). No significant association was found between seasonal variations in total testosterone levels (P=0.06). However, after adjustment for confounding variables, total testosterone and 25(OH)D showed significant seasonal variability (P=0.007 and P<0.001, respectively). Conclusion: We found no significant correlation between serum 25(OH)D and total testosterone levels in Korean men. Moreover, serum 25(OH)D and total testosterone levels showed significant seasonal variations.
INTRODUCTION
Previous studies have indicated that vitamin D synthesis is affected by seasons and geographical latitude. 1) For example, a Japanese study reported that vitamin D synthesis is affected by seasons and geographical location. 2) In Korea, some studies showed that vitamin D levels varied with geographic location 3) ; however, measurement of vitamin D levels during each season did not reveal any significant differences.
Vitamin D deficiency is associated with cardiovascular events, metabolic syndrome, diabetes mellitus (DM), chronic kidney disease, infection, osteoarthritis, low muscle strength, urinary incontinence, inflammatory bowel disease, and sleep apnea. suggested that vitamin D supplementation increases testosterone levels. 6) Other studies have also suggested a positive association between vitamin D levels and testosterone levels in men 7) ; however, such studies have not been conducted in Korean men.
Testosterone performs several beneficial functions in men, but total testosterone levels decrease with age. Lower testosterone is associated with osteoporosis, sexual dysfunction, and poor quality of life. Recently, lower testosterone levels were implicated in other health issues such as depressed mood, fatigue, cognitive impairment, insulin resistance, type 2 DM, hypertension, obesity, and metabolic syndrome. 8) Therefore, increasing testosterone levels improves the quality of life and helps prevent low testosterone-associated health issues in men.
Deficiencies in either vitamin D or testosterone can cause cardiovascular events, metabolic syndrome, DM, and emotional instability.
Vitamin D and testosterone deficiency have similar symptoms, and therefore, may be closely related to one another. Considering the crucial functions mediated by both vitamin D and testosterone, it is clinically important to identify the nature of the association in their levels.
Considering that vitamin D and testosterone deficiencies have very similar symptoms and that vitamin D levels undergo seasonal variations, it is possible that testosterone levels also vary according to the season. This hypothesis is supported by the results of recent studies, which showed that testosterone levels vary with the seasons. 9,10) One
Korean study that attempted to identify seasonal variations in testosterone levels found that free testosterone levels, but not total testosterone levels, underwent seasonal variations. 11) Because total testosterone levels are used for the diagnosis of andropause by many primary hospital doctors, it is clinically important to evaluate seasonal variations in total testosterone levels.
The aim of this study was to determine whether serum vitamin D levels are positively correlated with testosterone levels in Korean males, and whether both vitamin D and testosterone levels undergo seasonal variations.
METHODS

Participants and Data Collection
This was a cross-sectional study conducted using university hospital medical records. AJIRB-MED-MDB-11-386). Data on the levels of other androgenic hormones such as free testosterone, sex hormone-binding globulin, luteinizing hormone, and estrogen were extracted from the records; however, the number of patients who had undergone these tests was low. Therefore, the levels of these hormones were not considered in this study.
Measurement
In addition, the participants were classified according to their smoking or drinking status as never smoked or drank, currently smoking or drinking, or quit smoking or drinking. Participants were classified on the basis of physical activity into the following categories: no activity, sedentary status, light activity, regular activity, or rigorous activity. If the patient did not drink or smoke, they were assigned a score of 0.
Currently drinking or smoking resulted in a score of 1. If they quit drinking or smoking, their score was 2. In terms of physical activity, no activity was scored as 0, sedentary status as 1, light activity as 2, regular activity as 3, and rigorous activity as 4.
Other laboratory data were obtained by medical examination using and tests standard methods: levels of fasting glucose (FG), glycated hemoglobin, aspartate transaminase and alanine transaminase, gamma-glutamyl transferase, total cholesterol, triglycerides, high-density lipoprotein (HDL), low-density lipoprotein (LDL), prostate-specific antigen, and body mass index (BMI), and waist circumference (WC).
The participants fasted for 8 hours before the study, and blood samples were collected in a vacuum tube with anticoagulant between 7 AM and 11 AM. Blood samples were centrifuged prior to testing.
The serum 25(OH)D level was measured with chemiluminescence immunoassay using ADVIA centaur vitamin D total assay (Siemens Healthcare Diagnostic Inc., Tarrytown, NY, USA) at the Ajou University
Hospital laboratory room (Suwon, Korea), which reported inter-assay and intra-assay coefficients of variation <10%.
Total testosterone levels were measured via a radioimmunoassay using Freedom EVO clinical 150/8 (TECAN, Mannedorf, Switzerland)
at the Ajou University Hospital laboratory room (Suwon, Korea), which reported coefficients of variation <5%.
Statistical Analysis
Statistical analysis was performed using IBM SPSS ver. 
RESULTS
Patient Baseline Characteristics and Association of 25(OH)D Quartile with Total Testosterone Levels
A total of 1,069 male patients were included in this study. Their average age was 53.3±8.8 years, the average serum 25(OH)D level was 15.9±7.0 ng/mL, and the average serum total testosterone level was 5.1±1.6 ng/mL. After adjustment for age, total cholesterol, LDL, HDL, WC, BMI, FG, physical activity, alcohol use, and smoking, no significant correlation was found between 25(OH)D and total testosterone levels (P=0.78).
Seasonal Variability in 25(OH)D and Total Testosterone Levels
In (Table 2) .
DISCUSSION
In this study, we found no correlation between serum 25(OH)D and total testosterone levels, even after adjustment for potential confounding variables. However, we found a significant association between seasonal variations in 25(OH)D levels, and a correlational tendency in seasonal variations of total testosterone levels. In addition, after adjustment for confounding variables a significant correlation was found in seasonal variations in total testosterone levels.
A recent study reported a positive correlation between vitamin D and total testosterone levels. 7, 8) Moreover, seasonal variations in vitamin D and testosterone levels have also been reported. 1,2,9) Our study results support the occurrence of seasonal variations in vitamin D and total testosterone levels. However, our results do not support a correlation between total testosterone and vitamin D levels, which was reported in previous studies.
During sex hormone synthesis, vitamin D regulates calcium metabolism. 12) Moreover, calcium supports male reproductive function, 13, 14) and the VDR in expressed in reproductive organs such as the testes.
Thus, vitamin D could affect testosterone synthesis. Wehr et al. 15) reported an association between androgen levels and 25(OH)D levels in men, and many other study findings support the existence of a relationship between vitamin D and testosterone levels.
In the present study, serum 25(OH)D levels were not correlated with testosterone levels even after adjustment for confounding variables.
This result indicates that a different confounding variable, other than the ones considered in this study, could be involved in both vitamin D Similarly, a recent study investigating the effect of seasons on testosterone levels yielded controversial results. González-Sales et al. 9) reported that testosterone levels during the winter and spring were higher than the levels during the summer and fall. Svartberg et al. 10) reported that testosterone levels were the highest in October and November, and the lowest in June. In contrast, Maes et al. 19) and Tancredi et al. 20) reported that total testosterone and free testosterone levels, respectively, showed no significant seasonal variability.
Our result supports the theory that testosterone levels show seasonal variations, with the highest levels in the spring and the lowest levels in the summer. One possible reason for this variation may be the increased consumption of seafood such as oyster, shrimp, and blue crab during winter and spring (September-February) because of the increased availability of these foods during these seasons. Seafood contains zinc, a trace element known to be important for normal male reproductive function 21) ; thus, this seasonal dietary variation could contribute to the seasonal differences in testosterone levels.
On the basis of our results, we suggest that the reference values of serum 25(OH)D and testosterone levels should be adjusted for seasonal variations after reviewing the results of other studies.
Our study has several limitations. We enrolled subjects who underwent a medical examination at a university hospital. Therefore, our study sample does not reflect the general population, and our findings cannot be generalized. Furthermore, our study has a cross-sectional design, which made it difficult to evaluate prospective changes or the relationships among variables over time. In addition, participants could have self-medicated with vitamin D supplements, which would have significantly affected our results. Another limitation is that, in some men, blood samples were collected in the afternoon, and thus, differences in the time of sample collection could have contributed to differences in total testosterone levels. Finally, the total testosterone level, which was measured in this study, does not represent the level of the active sex hormone.
In conclusion, the serum 25(OH)D level was not correlated with the total testosterone level in Korean men. This result is inconsistent with results of recent studies that found a correlation between vitamin D and testosterone levels; additional studies with a larger general patient population are required to resolve this discrepancy.
In the present study, we found seasonal variations in serum 25(OH) D and total testosterone levels. These associations persisted after adjusting for age, total cholesterol, LDL, HDL, WC, BMI, FG, physical activity, alcohol use, and smoking. Although additional studies are required to confirm these findings, the reference values for vitamin D and testosterone levels in Korean men should be adjusted according to the season during sample collection.
